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[57] ABSTRACT 

A roller for use in the cargo bay of an aircraft is dis- 
closed which is constructed with chopped fiber strands 
incorporated into the rubber and oriented in a substan- 
tially circumferential direction around the hub of the 
roller to provide reinforcement to the rubber portion of 
the roller. 

10 Claims, 2 Drawing Sheets 
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ROLLERS WITH ORIENTED FIBER 
REINFORCEMENT AND METHOD 

BACKGROUND OF THE INVENTION 5 

Rubber rollers are used in a variety of conveyor 
transport systems to move freight from one location to 
another. Such systems typically use a number of rubber 
rollers extending slightly above the transport surface 
and powered by electric motors to move freight from 10 
one end of the transport surface to the other. One of the 
most demanding applications of rubber rollers is that of 
cargo rollers in the cargo hold of an aircraft. 

Cargo rollers in the cargo bay of an aircraft are re- 
quired to be capable of moving heavy loads quickly and 15 
efficiently. Such cargo rollers must have a high surface 
coefficient of friction to prevent slippage when cargo 
contacts the roller, thereby resulting in the cargo roller 
going from no load to full load, for example from zero 
to 500 pounds, virtually instantaneously. 20 

The result of such severe load requirements is that 
rollers in the cargo bay of aircraft have had a relatively 
short life in the past, with the surface of the rubber 
roller degrading and wearing down relatively quickly, 
requiring expensive and time-consuming replacement of 25 
the rubber rollers in the aircraft cargo bay. Since a 
typical passenger aircraft has about 40 rollers per air- 
craft, and a typical cargo aircraft has about 80 rollers 
per aircraft, it may be appreciated that frequent replace- 
ment of the rollers in the cargo bay has been a major 30 
maintenance problem. 

One possible solution to premature cargo roller wear 
is to use a harder rubber compound. Unfortunately, this 
has adverse affects in that the surface coefficient of 
friction is substantially reduced as rubber hardness is 35 
increased, resulting in unsatisfactory performance of 
the harder rubber rollers. In addition, another problem 
experienced using different rubber formulatons is 
chunking, where chuncks of the rubber portion of the 
cargo roller break off resulting in dynamic destruction 40 
of the cargo roller in a random and unpredictable man- 
ner. Thus, it is apparent that reformulation of the rubber 
compound used in manufacturing the rollers is not the 
solution to the problem of premature wear in cargo 
rollers. 45 

In addition, several other factors exist in the design of 
rollers for aircraft cargo bays. It is desireable that the 
rubber compound used have not only good abrasion 
resistance and tear resistance, but that it have good 
weather and oil resistance as well. Since the tempera- 50 
ture range at which aircraft cargo bays may be loaded 
or unloaded may include fairly cold temperatures, i.e. 
temperatures in the -20* to —40° F. region, as well as 
storage temperatures of up to 165° F., the rollers must 
be useable over a fairly wide temperature range. Fi- 55 
nally, since the rollers are to be used on board aircraft, 
it is desireable that the rubber compound used have at 
least some degree of resistance to fiammability. In short, 
there has been a particularly strong demand by airlines 
for the development of a cargo bay roller with not only 60 
good performance characteristics, but also a high de- 
gree of resistance to wear resulting in an extended oper- 
ating life of the rollers. 

SUMMARY OF THE INVENTION 65 

The premature wear problems associated with the use 
of rubber rollers in aircraft cargo bays are solved by the 
present invention through the incorporation of specifi- 
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cally oriented chopped fiber strands into the rubber 
used in manufacturing the cargo roller. The present 
invention allows the use of a rubber compound having 
desireable physical characteristics and requires only a 
single additional step to incorporate the chopped fiber 
strands into the rubber. 

The chopped fiber strands are incorporated into un- 
cured rubber in a two roll rubber mill, which is com- 
monly used to mix the rubber formula. By using the 
technique of the present invention, the chopped fiber 
strands are incorporated into the uncured rubber with 
the fibers in a substantially parallel orientation. Such 
parallel orientation of the fibers results in greatly supe- 
rior rubber strength in the direction of fiber orientation. 
The reinforced uncured rubber is then cut to predeter- 
mined size and bonded to a metal roller hub in a curing 
press with the fibers in the rubber oriented in a circum- 
ferential direction about the metal roller hub. 

The resulting rubber roller has been found to be sub- 
stantially more wear-resistant than existing rubber rol- 
lers in aircraft cargo bay applications. In fact, a roller 
manufactured utilizing the principles of the present 
invention has an expected lifetime greater than ten times 
the lifetime of previous non-reinforced rubber rollers. 
Other than the increased lifetime of the reinforced rub- 
ber roller, there are substantially no differences in oper- 
ational characteristics of the reinforced rubber roller as 
compared to previous non-reinforced rubber rollers. 
Although the incorporation of chopped fiber strands 
increases the hardness of the rubber material, by com- 
pensating in the formulation of the uncured rubber, the 
final hardness of the fiber-reinforced rubber roller is 
close enough to the hardness of the non-reinforced 
rubber roller to result in a substantially identical coeffi- 
cient of friction and operational capability. 

The cost of producing the fiber-reinforced rubber 
roller is only minimally greater than the cost of produc- 
ing non-reinforced rubber rollers, since only a single 
additional step is required to introduce the chopped 
fiber strands into the uncured rubber formula. The 
greatly increased lifetime of the fiber-reinforced rubber 
rollers quickly compensates for the slight increase in 
cost in manufacture of the roller. Therefore, it may be 
appreciated that a fiber-reinforced rubber roller con- 
structed according to the present invention represents a 
substantial gain in the art at minimal cost, while provid- 
ing the same high degree of performance required in 
applications as aircraft cargo bay rollers. 

DESCRIPTION OF THE DRAWINGS 

These and other advantages of the present invention 
are best understood through reference to the drawings, 
in which: 

FIG. 1 illustrates the incorporation of chopped fiber 
strands into uncured rubber on a two roll rubber mill; 

FIG. 2 is an exploded perspective view of the manu- 
facture of a fiber-reinforced rubber roller in a curing 
press using the fiber-reinforced rubber mixed on the 
two roll mill of FIG. 1; 

FIG. 3 is a perspective view of the completed fiber- 
reinforced rubber roller made in the curing press of 
FIG. 2; and 

FIG. 4 shows the roller of FIG. 3 mounted for opera- 
tion in a motorized cargo roller assembly. 



10/22/2001, EAST Version: 1.02.0008 



4,766,996 



4 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 



Rubber is typically blended by a rubber manufacturer 
to meet the performance requirements of the purchaser, 
and is supplied to the purchaser in uncured rough slabs 
typically weighing 5-100 pounds. Rubber for use in 
aircraft cargo rollers must have good weather resis- 
tance, oil resistance, and abrasion and tear resistance, as 
well as being at least somewhat burn-resistant. The 
elastomer used for roller applications is generally syn- 
thetic rubber, such as neoprene, nitrile, or urethane. 

The rubber formulation includes other components 
often making up a substantial portion of the formula- 



10 



rolling it up, and reintroducing it to the two roll mill 
end first, thusly milling the rubber in a direction perpen- 
dicular to the original direction. Cross-milling and cut- 
ting from side-to-side both may be used before fiber is 
added to the rubber, when the rubber is mill freshened. 

The chopped fiber 40 to be incorporated into the 
rubber 10 is an aromatic polyamide such as Kevlar or 
Nomex or a polyethylene terephthalate such as Dacron 
in the preferred embodiment, with a fiber length from 
three-sixteenths of an inch to one-half inch, with the 
amount of fiber to be incorporated measured as a per- 
centage of the elastomer in the rubber formula. The 
diameter of the fiber typically may be from 0.00075 inch 
to 0.005 inch. Polyamids such as nylon can also be used 



tion. The rubber is formulated with the weight of the 15 for the fibers, as can natural fibers such as hemp or 



elastomer being designated as 100 parts, and the weight 
of other components being specified as percentage parts 
of the total weight of the elastomer used. Typically 
carbon black is added to give strength and a reinforcing 
effect to the compound, oil is added as an extender for 20 
the elastomer, and zinc oxide, stearic acid, and an accel- 
erator are used to control the rate and degree of vulca- 
nization. Other components may be added to improve 
aging characteristics, reduce fatigue cracking, and to 
act to improve fire-retardant properties. The formula- 
tion of rubber for roller applications is thus well known 
in the art, and is done by rubber companies such as 
Goodyear, Firestone, and B.F. Goodrich. 
Since under the present invention chopped fiber 



cotton. Kevlar, Nomex, or Dacron are preferred be- 
cause of their superior fiber strength. Typically, from 
0.5 to 3 parts of fiber per hundred parts of elastomer are 
used. 

The length of the fiber must be at least three-six- 
teenths of an inch to provide sufficient reinforcement 
properties, and not greater than one-half inch long, 
since longer fibers are hard to blend in. The amount of 
fiber incorporated in the rubber formula must be suffi- 
25 cient to provide adequate reinforcement and yet is lim- 
ited by the hardness of the resulting fiber-reinforced 
rubber. For example, for rubber formulas having a 
hardness of between 60 and 70 on the Type A Scale, if 



greater than 3 parts of fiber per 100 parts of elastomer 
strands are to be added to the rubber, which will act to 30 are added, the hardness of the resulting fiber-reinforced 
increase the hardness of the rubber, the rubber formula rubber will be too high, resulting in the roller having a 
should be specified to have a hardness less than the low surface coefficient of friction and a tendency to slip, 
desired final hardness of the rubber roller. For example, Typically, a final hardness of 75 on the Type A Scale is 
while rubber rollers without fiber reinforcement typi- the upper limit of hardness for rubber rollers in aircraft 
cally have a hardness of between 70 and 75 on the 35 cargo bay applications. 



ASTM D 2240 type A (hereinafter Type A) durorneter 
scale, the rubber formula for use with chopped fiber 
strands may typically have a hardness of between 60 
and 70 on the .Type A Scale in the preferred embodi- 
ment. 

As stated earlier, specially blended rubber is gener- 
ally supplied in uncured slabs each weighing 5-100 
pounds. The specially blended rubber 10 is fed into a 
two roll rubber mill 20 having a faster steel roller 22 and 



While the mill is running, the fiber strands 40 are 
sprinkled by the operator of the two roll mill 20 onto 
the rubber bank 30 which has built up on the faster 
roller 22. By then allowing the two roll mill 20 to run 
40 and shear the rubber 10, the fibers 40 will be dispersed 
in the rubber 10 with a substantially parallel orientation 
which is circumferential around the faster roil 22. It is 
very important to note that while cutting from side-to- 
side may be done after the fiber is added, cross-milling 



a slower steel roller 24. Since the rollers 22, 24 rotate at 45 may not be done. The reason for not cross-milling is 



different surface speeds towards each other, a high 
shear condition results that aids in the mixing of the 
rubber formulation 10. As the rubber 10 comes out of 
the bottom of the two roll mill 20, it is taken by the 
operator and reinserted into the two roll mill 20 be- 
tween the rollers 22, 24, thus resulting in a continuous 
roll of rubber 10 around the faster roller 22, as shown in 
FIG. 1. Since the rubber slab is sized to have slightly 
more rubber than needed to make a band around the 
faster roller 22, a portion of the rubber 10 will pile up in 55 
a rubber bank 30 atop and between the rollers 22, 24. 

As the rubber 10 is run on the two roll mill 20, it will 
increase in temperature and become more pliable, a step 
which must be followed before the fiber may be incor- 
porated into the rubber. Typically, the operator may 60 
cut or slash the rubber 10 around the roller 22, pull the 
rubber from the bottom of the roller 22 outwardly and 
reinsert it into the top of the two roll mill 20. This pro- 
cess is called "cutting from side-to-side M , is well known 
in the art, and in fact is used by rubber manufacturers to 65 
mix the rubber formulation. Another technique used by 
manufacturers to mix the rubber is "cross-milling", 
which consists of cutting the rubber around the roller, 



that if cross-milling is done after the fiber is added, the 
fiber orientation in the rubber will not be substantially 
parallel. 

After the fiber 40 is incorporated in the rubber 10, the 
50 band of rubber 10 may be slashed and removed from the 
two-roll mill 20. It may be noted that the thickness of 
the rubber 10, which is determined by the two roll mill 
20, should be only slightly greater than the actual thick- 
ness needed for construction of the rubber roller. 

The reinforced rubber is then cut into preformed pads 
50 as shown in FIG. 2, each of which will extend 
halfway around the completed rubber roller. The rub- 
ber pads 50 are cut so that the fiber orientation will be 
circumferential around the roller. 

A metal roller hub 60 about which the rubber pads 50 
will be placed may be coated with an adhesive to ensure 
that the rubber pads 50 will adhere to the hub 60. The 
rubber pads 50 and the hub 60 are then placed into the 
curing mold having a top half portion 70 and a bottom 
half portion 72, as shown in FIG. 2. The curing mold 
uses a pressure varying from 600 to 1000 psi, and a 
curing temperature of approximately 310* F. for about 
35 minutes to cure the rubber. The completed rubber 
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roller 80, shown in FIG. 3, thus has a rubber covering 
with the fibers extending in a substantially circumferen- 
tial orientation. 

It is important to note that if the fibers in the roller 80 
are not substantially circumferentially oriented, the 5 
roller 80 will not have superior wear resistance. In fact, 
if non-oriented fibers are used one of two results is 
inevitable: either so much fiber is used to obtain a suffi- 
cient degree of wear resistance that the hardness of the 
roller is so high that it will have virtually no gripping 10 
power at all, resulting in a totally useless roller, or there 
will be insufficient circumferential fiber orientation to 
increase wear resistance, resulting in a rubber roller 
which wears out too quickly. 

The rubber roller 80 may then be inserted into a typi- 15 
cal motorized drive unit 90, as shown in FIG. 4. The 
motorized drive unit 90 is inserted into the cargo deck 
of the aircraft cargo bay, and the roller 80 may be oper- 
ated either to load or unload, cargo from the aircraft. It 
■ has been found that a cargo roller 80 constructed ac- 20 
cording to the principles-of the present invention pro- 
vides a useful life which is greater than ten times the 
useful life of a rubber roller not containing oriented 
fiber reinforcement. This substantial increase in the 
useful life of the rubber roller 80 is obtained at relatively 25 
minimal increased cost per roller, making the roller of 
the present invention a highly desireable product. 

Thus, it may be appreciated that the rubber roller 80 
of the present invention presents the advantage of 
greatly increased wear resistance and a dramatically 30 
extended lifetime at a minimal cost increase, while still 
jpresenting desireable physical characteristics. Weather 
resistance, oil resistance, and flammability characteris- 
tics of a roller 80 constructed according to the princi- 
ples of the present invention are generally at least as 35 
good as non-reinforced rubber rollers, and also result in 
reduced maintenance and replacement time by the air- 
craft operator. The present invention is therefore a 
substantial improvement in the art, while affording 
virtually no drawbacks. 40 
What is claimed is: 

1. A roller for tractional driving of loads, comprising: 
a cylindrical hub adapted to be rotatably driven; and 
an elastomeric surface layer fixedly installed on said 

cylindrical hub, said elastomeric surface layer con- 45 
taining fiber strands dispersed therein in substan- 
tially circumferential orientation around said cylin- 
drical hub, said elastomeric surface layer having a 
hardness not greater than 75 on the ASTM D 2240 
type A durometer scale. 50 

2. A roller as defined in claim 1, wherein said elasto- 
meric surface layer is formulated using an elastomer 
selected from the group consisting of neoprene, nitrile 
and urethane, and said elastomer has a hardness of be- 
tween 60 and 70 on the ASTM D 2240 type A durome- 55 
ter scale. 

3. A roller as defined in claim 1, wherein said fiber 
strands are between three-sixteenths of an inch and 
one-half inch in length, and said fiber strands weigh 
between 0.5% and 3% of the weight of the elastomer in 60 
said elastomeric surface layer. 

4. A roller as defined in claim 1, wherein said fiber 
strands are selected from the group consisting of Kev- 
lar, Nomex, and Dacron. 

5. A roller for tractional driving of loads, comprising: 65 
a cylindrical hub adapted to be rotatively driven; 
an elastomeric surface layer bonded to the cylindrical 

outer surface of said cylindrical hub, said elasto- 
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meric layer for tractional contact with said load; 
and 

a plurality of fiber strands uniformly dispersed 
throughout said elastomeric layer in substantially 
circumferential orientation around said cylindrical 
hub, such that said elastomeric surface layer main- 
tains a hardness not greater than 75 on the ASTM 
D 2240 type A durometer scale throughout the 
useful life of said roller. 

6. A roller as defined in claim 5, wherein said elasto- 
meric layer is made of an elastomeric compound having 
a hardness of between 60 and 70 on the ASTM D 2240 
Type A durometer scale, and the dispersion of said fiber 
strands in said elastomeric layer raises the hardness of 
said layer to between 70 and 75 on the ASTM D. 2240 
type A durometer scale. 

7. A roller for tractional driving of loads, comprising: 
a hub having a cylindrical outer surface, said hub 

being adapted to be rotatively driven; 
a cylindrical elastomeric layer bonded to said cylin- 
drical outer surface of said hub, said elastomeric 
layer having incorporated therein a plurality of 
fiber strands not greater than one half inch in 
length, said fiber strands being distributed through- 
out said cylindrical elastomeric layer: in substan- 
tially circumferential orientation around said cylin- 
drical outer surface of said hub, said cylindrical 
elastomeric layer having .. a uniform hardness 
throughout. - 

8. A roller as defined in claim 7, wherein said elasto- 
meric layer is bonded to said hub under heat and pres- 
sure to cure said elastomeric layer, and an adhesive is 
used to bond said elastomeric layer to said hub. 

9. A roller for the tractional driving of loads compris- 
ing* 

a cylindrical hub adapted to be rotatively driven; 

an elastomeric surface layer adhesively bonded to the 
cylindrical outer surface of said cylindrical hub, 
said elastomeric • surface layer being formulated 
using an elastomer selected from the group consist- 
ing of neoprene, nitrile, and urethane; and 

a plurality of fiber strands dispersed within said elas- 
tomeric surface layer in substantially circumferen- 
tial orientation around said cylindrical hub, said 
fiber strands being between three-sixteenths of an 
inch and one-half inch in length and said fiber 
strands being selected from the group consisting of 
Kevlar, Nomex, and Dacron, said fiber strands 
weighing between 0.5% and 3% of the weight of 
said elastomer in said elastomeric surface layer, and 
wherein said elastomeric surface layer containing 
said fiber strands has a hardness not greater than 75 
on the ASTM D 2240 type A durometer scale. 

10. A roller for tractional driving of loads compris- 
ing: 

a cylindrical hub adapted to be rotatively driven; 

an elastomeric surface layer adhesively bonded to 
said cylindrical hub, said elastomeric layer for trac- 
tional contact with loads; and 

a means for reducing the wear at the contact surface 
of said elastomeric surface layer, said means com- 
prising a plurality of discrete, short fibers dispersed 
within said elastomeric surface layer substantially 
aligned circumferentially with respect to said cy- 
lindrical hub, said elastomeric surface layer includ- 
ing said means for reducing wear having a hardness 
of between 70 and 75 on the ASTM D 2240 type A 

durometer scale. 

***** 
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